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IC recent  yea r s  very d isagreeable  o s c i l l a t i o n s  nave o f t e n  

developed on a i r p l a n e s ,  which i n  many cases  have r e s u l t e d  i n  

breaks  Caring f l i g h t  asrid- have been followed Sy d i s a s t e r s .  On 

s e v e r a l  z i r ; d a e s ,  e s p e c i a l l y  c<ant i lever  and p a r t l y  c m t  i l e v e r  

riiono-plai?cs at high speeds, t h e  wings began t o  o s c i l l a t e ,  -mual ly  

with a G ~ ~ " O Y L F ,  f l app ing  by t h e  a i l e rons .  Other a i r p l a n e s  de- 

veloped strong o s c i l l a t i o n s  i n  t h e  t a i l  mxfaces ,  someti:xes at 

h igh  meeds ,  as i n  d iv ing ,  and sornetiaes at low speeds,  when 

%he a i r p l m e  was near ly  s t a l l e d .  

The 7zing o s c i l l a t i o n s  have been p a r t i a l l y  inves t iga t ed  by 

A. G. V O ~  3axiiihauer aid Konig m.2- p a r t i a l l y  by SirnSaum and by 

3lenk mc?-  Lickers .  The present  a r t i c l e ,  which c o n s t i t u t e s  a 

.cont inuat ion o f  the  work o f  Von Bauflhauer and I-Xonig, w i l l  there-  

f o r e  >e r e s t r i c t e d  t.o the  f l u t t e r i n g  o f  t h e  t a i l  su r faces  m d  

especia1l;r t o  o s c i l l a t i o n s  o f  t he  ho r i zon ta l  eia;ocncage. This 

will axso i l l u s t r a t e  t h e  c h a r a c t e r i s t i c s  o f  a l l  o the r  phenoneiia 

---_ I- -_------ - -- 
eber das Lei twerk f l a t t e rn  und d i e  X i t t e l  zu s e i n e r  Verlihtung, If 

t h e  ??. G. L. Peabook ,  Deceriiber, 1926, pp. 103-107, 
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The ho r i zon ta l  empennage e x h i b i t s  two e s s e n t i a l l y  d i f f e  

kinds of o s c i l l a t i o n s  (Fig. 1). One i s  a r a p i d  up-and-down o r  

f l app ing  motion of b c t h  ha lves  of t h e  empennage and may be e i -  

t h e r  symxetrical  o r  no t .  The s3fmrnetrical case i s  csnnected 

with a bending of t h e  fuse lage  and t h e  danping su r faces ,  t h e  un- 

symmetrical case with a t w i s t i n g  of  t h e  fuselage and a bending 

9f t h e  s t a b i l i z i n g  sur faces .  

ing  of t he  s t a b i l i z e r  about t h e  a x i s  of t h e  spar.  The motions 

a re  always d i s s i p a t e d  so  qu ick ly  t h a t  t h e  r eac t ions  produced by 

them on the  a i rp l ane  may be disregarded. The term l l f l u t t e r i n g l l  

i s  applieG t o  them alone. 

In  e i t h e r  case t h e r e  may be a t w i s t -  

The second kind of o s c i l l a t i o n  of t h e  ho r i zon ta l  empennage 

( F i g .  2 )  i s  e s s e n t i a l l y  d i f f e r e n t  from t h e  above. It  has  oc- 

cur red  on some a i r p l a n e s  i n  t h e  v i c i n i t y  nf s t a l l e d  f l i g h t  and 

c o n s i s t s  o f  an up-and-down o s c i l l a t i e n  o f  t h e  e l e v a t o r ,  combined 

with mostly ccnsiderably weaker t o r s i o n a l  v i b r a t i o n s  o f  the  

whole a i rp l ane  about t h e  spar ax i s ,  This  kind o f  v i b r a t i o n  

c o n s t i t u t e s  no r e a l  f l u t t e r i n g .  of t h e  empennage, but a phenorn- 

enon r e l a t e d  t o  t he  "Rheinland o s c i l l a t i o n "  on which I del iv-  

e red  a l e c t u r e  las t  year i n  Munich. 

It  i s  c h a r a c t e r i s t i c  of a l l  f l u t t e r i n g  phenomena t h a t  t he  

f o r c e s  involved a r e  of two d i s t i n c t  kinds. The ind iv idua l  

structural  elements of t h e  a i r p l a n e  oppose t o  t h e  changes i n  

t w i s t i n g s )  a r e s i s t a n c e  

e 



happens t h a t  these air  f o r c e s  a f f e c t  d i f f  

t o  t h e  f l i g h t  speed, t h e  o s c i l l a t i o n s  of the  empe 

a r e  independent of t h e  speed, s o  t h a t  it i s  poss ib l e  t h a t  t h e r e  

a re  cer ta in-  speed ranges i n  which t h e  a i r . f o r c e s  s o  a f f e c t  t he  

c s c i l l a t i o n s  of t h e  empennage t h a t  t h e  whole system absorbs en- 

ergy from t h e  air  flow and thus  psoduces increas ing  l lnegat ively 

damped'! and t h e r e f o r e  uns t ab le  o s c i l l a t i o n s .  Through t h i s  re-  

c i p r o c a l  a c t i o n  between t h e  f o r c e s  of e l a s t i c i t y  and those of 

t h e  a i r ,  the  problem acqui res  t h e  conception of t h e  c r i t i c a l  

speed, i.e.,  t h e  speed at whiqh t h e  f l u t t e r i n g  begins,  
9 

I w i l l  f i r s t  show how t h i s  negat ive damping can be q u a l i t a -  

t i v e l y  explained. - Figure 3 shows the  n a t u r e  of  t h e  damping air 
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t o  t h e  a?@ar phase. Thereby, i n  c e r t a i n  rangqs o f  t h e  angu- 

l a r  phase,  t h e  air force  may vanish o r  even acquire  t h e  contrary 

s i g n ,  s o  as t o  support and inc rease  t h e  o s c i l l a t i o n .  The L 2 e a  

value of t b e  work done by t h e  air f o r c e  then becomes p o s i t i v e ,  

and t h e  system absorbs energy from t h e  air f low.  The maximirn 

energy absorpt ion then  occurs  at an angular phase o f  90'. 

t he rxore ,  czre  must be exe rc i sed  tha t  t h e  dmping  p o r t i o n  of 

t h e  air f o r c e ,  which comes f rom the r o l l i n g  o s c i l l a t i o n  of t he  

s t a b i l i z e r  

Fur- 

sha l l  increzse  i n  propor t ion  t o  t h e  speed, v h i l e  t h e  p o r t i o n  

o f  t h e  air l o r c e  which s t rengthens  t h e  o s c i l l a t i o n s  ,and which 

i s  produced by t h e  o s c i l l a t i o n  of t h e  f l a p ,  I 

i s  proportional t o  t h e  dynamic p res su re ,  i .e. ,  t o  t h e  square 

o f  t h e  speed. The angular phase i s  determined on t h e  one hand 

by the  air f o r c e s  ac t ing  on t h e  f l a p  m-d'on t h e  o t h e r  hand by 

t h e  e f f e c t  of t h e  r o l l i n g  o s c i l l a t i o n  on t h e  mass o f  t h e  f l ap .  

The most i xpor t an t  quan t i ty  here  i s  t h e  devia t ion  moment ( t h e  

mixed i n e r t i a  moment) of t h e  f l a p ,  s i n c e  t h i s  determines the  

magnitude md r o t a t i o n a l  d i r e c t i o n  o f  t h e  e f f e c t  o f  t h e  r o l l i n g  
b 

i l l a t i o n  o f  t h e  s t a b i l i z e r  on t h e  f lap  (Fig.  4) .  

a 



pennage represented  by Figure 5, I have G 

and a weight of about 25 kg (55 lb . )*  

i s  318 o f  t h e  width o f  t h e  whole empennage. 

The width of t h e  e l eva to r  

The q u a n t i t i e s  Tx, T y ,  and D a r e  r e s p e c t i v e l y ,  t h e  fner- 

t i a  moment of  t h e  whole empennage about t h e  X-axis, t h e  i n e r t i a  

moment o f  t h e  e l eva to r  about i t s  axis, and t h e  dev ia t ion  moment, 

t h e  mixed i n e r t i a  moment o f  t h e  e l eva to r  about t h e  X-axis and 

e l e v a t o r  ax is .  I have previous ly .  r e f e r r e 4  t o  t h e  importance 

of t h e  last-named quant i ty .  

The dimensions were thus chosen, i n  order  t o  enable me t o  

u t i l i z e  t he  r e s u l t s  of t h e  only r ecen t  empennage t e s t s  known t o  

me, which were made i n  Cgtt ingen at t h e  request  of t h e  D.V,L. 

(Deutsche VersuchsamtaLt ftr L u f t f a h r t ) ,  I wish here  t o  ex- 
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angle  of a t t a c k  a ,  i s  very s i n a l l ,  a lmos t  zero and p 

independent of  t h e  angle o f  d e f l e c t i o n  p, On t h e  cont 

i s  very l a r g e  i n  t h e  reg ion  o f  t h e  maxiimm l i f t  of t he  

empennage. 

The air f o r c e  c o e f f i c i e n t s  f o r  o t h e r  empennage shapes, es- 

p e c i a l l y  f o r  empennages w i t h  balancing f l a p s  on t h e  e l e v a t o r ,  

a r e  p r a c t i c a l l y  unknown. Nevertheless ,  Engl ish pressure-  

d i s t r i b u t i o n  measurements on balanced e l e v a t o r s  i n d i c a t e  g rea t  

i rr egul  a i  t i e s . 
The e x m p l e  can be c a l c u l a t e d  with t h e  above-mentioned 

q u a n t i t i e s .  This i s  done, l i k e  a l l  similar s t a b i l i t y  calcula-  

t i o n s ,  according t o  t h e  method o f  small o s c i l l a t i o n s .  By t h i s  

method ve ob ta in  a s e r i e s  of s t a b i l i t y  condi t ions ,  of  which’the 

most e s s e c t i a l  ones i n  t h e  p re sen t  case a r e  as follows. 

The dev ia t ion  moment, t o  t h e  importance of  which I have al- 

ready c a l l e d  a t t e n t i o n ,  must l i e  above a c e r t a i n  l i m i t .  There- 

by t h e  s h i f t i n g  of t he  cen te r  o f  g r a v i t y  o f  t he  e l eva to r  i n  

f r o n t  of tile a x i s  o f  r o t a t i o n  m d  away f rom the  fuse lage  fn- 

c r e a s e s  t h e  s t a b i l i t y ,  

For t he  d e r i v a t i o n  of t h e  a i r - fo rce  c o e f f i c i e n t s  t he re  a r e  

few contli t ions which a r e  f u l f i l l e d  by a nornial unbalanced ele-  

t o r .  These c x d i t i o n s  may become c r i t i c a l  i n  a balanced ele-  



under cons idera t  ion. om it  we may f i rs t  cone1 

ing of t h e  cen te r  o f  g r a v i t y  of  t h e  e l eva to r  i n  f r o n t  o f  t he  

a x i s  o f  r o t a t i o n ,  provided t h e  o the r  condi t ions  a r e  f u l f i l l e d ,  

It i s  another ques t ion  as t o  how far t h i s  can be c a r r i e d  i n  a 

given case.  I n  any event ,  recourse would be had t o  t h i s  last  

expedient only i n  an emergency. 

The last  s t a b i l i t y  condi t ion  f o r  a given empennage w i t h  a, 

g iven angle of a t t a c k  can be represented  by a diagram.. Figure 7 

shows, as absc issa ;  t he  l t s t i f f n e s s ~ t  o f  t h e  fuse lage  and as oildi- 

n a t e ,  the  square o f  t h e  speed, up t o  a constant  q u a n t i t y  which 

i s ,  t h e r e f o r e ,  t h e  dynamic pressure ,  By t h e  term l i s t i f f n e s s l f  

k 
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have then  reached t h e  above-mentioned mass d i s t r i b u t i o n  

e l e v a t o r ,  which i s  independent of t h e  degree of t h e  t 

s t i f f n e s s .  Figure 7 a l s o  shows t h e  e f f e c t  of changing t h e  spe 

I f  t h e  attainment cf s t a b i l i t y  by means of a very f l e x i b l e  fuse- 

l a g e  (which i n  p r a c t i c e  ha rd ly  e n t e r s  i n t o  the  problem) is dis- 

regarded,  then  any increase  i n  t h e  speed always means a lessen-  

ing  of the  s t a b i l i t y ,  as evidenced by t h e  f a c t  t ha t  the dai-nping 

cons tan t  of t he  o s c i l l a t i o n  coq t inua l ly  grows smal le r ,  un t i l  i t  

becomes zero on aeaching t h e  s t a b i l i t y  l i m i . t 7  t he  " c r i t i c a l  

speed" f ixed  at the  beginning. On exceeding t h e  c r i t i c a l  speed, 

t h e  daigping constant  passes  t o  negat ive values  (Fig.  8 ) .  

The phenomena thus  f a r  discussed a r e  the  so-called f r e e  o r  

inherent  o s c i l l a t i o n s  of t h e  system. I t  i s  i n o m  t h a t  every- 

t h i n g  capa3le of o s c i l l a t i n g  i s  ;-;lade t o  do s o  by  impulses o r  

p e r i o d i c  forces .  The amplitude 3f t hese  o s c i l l a t i o n s  depends 

p a r t l y  on t h e  magnitude and frequency of t h e  d i s t u r b i n g  force  

and p a r t l y  on t h e  frequency and darnping of t h e  o s c i l l a t o r y  sys- 

tem. 

I will t he re fo re  sonfine myself t o  showing you i n  a diagraix 

A d e t e i l e d  d iscuss ion  of t h i s  subjed t  would l e a d  t o o  far.  

(F ig .  9 )  how t h e  o s c i l l a t i o n s ,  at a given speed, depend on. the  

equency of t h e  d i s t u r b i n g  force .  The dashed l i n e  i n  F i  

i s  t h e  angular d e f l e c t i o n  o f  t h e  empennage which would be pro- 

ed by a s t a t i c  moment of u n i t  magnitude. The heavy l i n e  rep- 



The sourTe of t h e  e x c i t i n g ’ f o r c e s  i s  s t i l l  t o  be de 

may c o n s t i t u t e  t h e  d i s t u r b i n g  force.  Nothing i s  known regarding 

t h e i r  frequency and magnitude. Experimentation i s  very des i ra -  

b l e  i n  t h i s  connection and a l s o  with r e fe rence  t o  o the r  problems, 

The main d i s t u r b i n g  causes may be sought i n  the  engine and pro- 

p e l l e r .  S l i g h t  d i f f e rences  i n  p i s t o n  masses may preoduce reac- 

t i e n  moments o f  t h e  frequenqy o f  the engine revolu t ions .  

I r r e g u l a r  func t ion ing  of a cy l inder  may cause a l a c k  of 

uniforirility i n  t h e  r evo lu t i cn  speed m.d a consequent r e a c t i o n  

moment of half t h e  frequency of t h e  engine revolu t ions .  Poor  

func t ion ing  of t h e  f i r s t ,  cy l inde r  i s  a chranic e v i l  . i n  many 

s ix-cyl inder  engines whose cy l inde r s  a re  poorly P ro tec t ed  aga ins t  

t h e  wind. 

a u i t e  l a r g e  and Oery unpleasant p e r i o d i c  rnoaents a r e  gener- 
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In l i g h t  ca ses ,  a continuous e l eva t  

aga ins t  unsyrmet 

Where e i t h e r  t h i s  devize o r  a r i g i d  co 

ha lves  c a i  be i n s t a l l e d  without s p e c i a l  d i f f i c u l t y ,  i t  i s  a 

v i s a b l e  t o  do so .  

The e l eva to r  i t s e l f  i s  b e t t e r  unbalanced, o r  with sone bal-  

ancing device not l oca t ed  i n  the  same p l m e .  In designing the  

e l e v a t o r ,  i t  i s  important t o  niake al.1 p s r t s  selabte from the  axis  

Jf r o t a t i o n  2nd f r n r n  t he  fuse lage  as l i g h t  as poss ib le .  If t h i s  

i s  done, i t  w i l l  hardly be necessary t o  use  counterweights, I f ,  

however, a f t e r  t h e  t r ia l  f l i g h t s ,  it i s  found necessary t o  re- 

s o r t  t o  balancing f laps ,  they shouldl be l o c a t e d  as f a r  as possi-  

ble f r o m  the  fuse lage .  It i s  then accomplished with smaller 

weights ,  s ince  the  e f f e c t  i s  determined by t h e  product of t he  

dist,ance from t h e  r o t a t i o n a l  a x i s  ,and t h e  d i s t m c e  from t h e  fuse- 

l a g e .  
> 

Only one recommendation can be made t o  t h e  p i l o t .  Cut o f f  

t h e  gas  znd p u l l  cautiou'sly on t h e  c o n t r o l  s t i c k .  It  would be 

a mistake t o  push the  c o n t r o l  s t i c k ,  i n  order  t o  descend f a s t e r .  

i s  a n a t t e r  of course t h a t  one w i l l  and must come down, but 

i s  t o  desce 
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Mr. Hncknack.- "The phenomena o f  f l u t t e r i n g  of t he  t a i l  

s u r f a c e s  md o s c i l l a t i m s  of t h e  wings hhve a l s o  occurred re -  

c e n t l y  i n  o t h e r  count r ies .  The reason €or  t h i s ,  i n  conjunction 

v i t h  t h e  e m t i l e v e r  type of  construction4 seems t o  be, e spec ia l ly  

t h e  increase  i n  t h e  speed range ,  which'has extended t h e  f i e l d  

of o s c i l l a t o r y  impulses, I n  yesterday '  s lectu ' re ,  Mr, Ruiplex 

mentioned a maximum speed of about 280 km (174 mi l e s )  per  hour 

f o r  a seapla ie .  Since,  a f t e r  t he  r epea l  of thc  t r e a t y  r e s t r i c -  

t i o n s ,  ne c m  now proceed w i t h  the  development of r ac ing  air- 

p l a n e s ,  Tie everywhere encounter t h e  Droblem of f l u t t e r i n g  of t h e  

c o n t r o l  su r f aqes ,  Theore t ica l  researches  2nd mind-tunnel ex- 

per iments  have shown a l a c k  o f  agreement similar t o  t h a t  re- 

p s r t e d  by Elr. Helmbold .in connection w i t h  t he  expeyinentg with 

f l o a t s  i n  t h e  Hamburg naval labora tory .  P r a c t i c a l  t e s t s  axe 

t h e r e f o r e  indispensable  f o r  t h e  so lu t . ion  of t he  problem. The 

d i f f i c u l t i e s  a r i s i n g  i n  t h i s  connection a r e :  1) The problem of 

s a f e t y ;  2) The development of experimental methods. 

''1) As regards  t h e  s a f e t y  problem, t h i s  can be solved by 

beginning t h e  experiments at a s u f f i c i e n t  z l t i t u d e  and carry- 

ing  a parachute which could be used a f t e r  t he  f a i l u r e  of .any 

ind iv idua l  p a r t s  of t h e  a i rp l ane .  

The experimental methods comprise d i  

i c  m 
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nown thzt we must content o 
- -  u r a l l y  may be wrong. .io 

n a i c  Ias t i ' cu te  a r e  being planned, but 

It would be very i n t e r e s t i n g  i f  some p a r t i c u l a r  c 

ing  could Se inves t iga t ed  experirne 

f l i g h t  and simultaneously by c a l c u l a t i o n .  Thus we would perhaps 

acqui re  a c l e a r e r  i n s i g h t  i n t o  some o f  t he  s t i l l  very obscure 

problems. Unfortunately such experiments cannot ye t  be under- 

taken i n  Aachen, due t o  l ack  o f  t h e  necessary funds. 

"The case o f  t he  Hansa-Brandenburg a i r p l a n e ,  Tnentioned by 

Von Dewitz, i s  very i n t e r e s t i n g .  I t h ink  the  f i rs t  empennage 

w i t h  t h e  balancing f laps  l o c a t e d  i n  t h e  air f l o w  from t h e  sta- 
I 

b i l i z e r  was a'oout t h e  worst  t ha t  could be made. The l a t e r  forxi:, 

wi th  t h e  balancing flaps extending beyond t h e  s t a b i l i z e r  i s  de- 

c idedly  b e t t e r .  I n  my opinion t h e  l a t t e r  f o r m  i s  t h e  bes t  meth- 

od f o r  balancing when the  balancing f l aps  fo rm an i n t e g r a l  part 

of  t he  e l eva to r  i n  t h e  plane of t he  l a t t e r .  1 rega rd  as s t i l l  

b e t t e r ,  however, a spec ia l  a u x i l i a r y  su r face ,  l y i n g  above O X  

below t h e  main ho r i zon ta l  empennage aad operated i n  a s u i t a b l e  

manner s inu l taneous ly  with the  elevator .  Thus one can avoid t h e  

ances i n  the  air f l o w  on t 

ances a re  caused by the  flow around t h e  s i d e s  of  t h e  stabi 
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must be taken,  however, t h a t  t h e  a u x i l i a r y  su r faces ,  l o c a t e d  

above o r  below t h e  empennage, can be more o r  l e s s  uncovered, 

according t o  t h e i r  l o c a t i o n ,  at l a r g e  o r  small angles  of  a t t a sk , "  

T rans l a t ion  by Dwight M. Miner, 
Nat ional  Advisory Comxittee 
f o r  Aeronautics . 
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